The availability of nitrogen (N) in the soil influences the vegetative development of plants. However, the requirement is usually different between crops. The objective of the present work was to determine the fruit production and the SPAD index of pepper submitted to different amounts of nitrogen applied to the soil and applying this index in the production prognostic of the crop. The experiment was carried out under greenhouse conditions, Paraíba State, Brazil. The treatments were carried out in a completely randomized design, in a 3 × 5 factorial experiment, i.e., All Big, Yolo Wonder and Vermelho Samurai-Sais cultivars and five nitrogen fertilization doses (0, 33.33, 66.67, 100 and 133.33 mg kg -1 soil) with three replicates. At the time of flowering and harvesting of the peppers, the SPAD index was determined, using chlorophyll meter. The total production of fruits per plant was obtained weighing the fruits. Pepper production of all cultivars increased with nitrogen application at 120 days after sowing, using different soil nitrogen applications to reach their maximum productions. The Yolo Wonder cultivar had the maximum production (483.7 g of fruit/plant). The plants that presented SPAD index of 58.5 in the flowering stage showed the maximum fruit yield. The quantification of the SPAD index at the reproductive stages can be used in the prognosis of pepper production.
Introduction
An adequate adjustment of the nitrogen fertilization of a crop can be achieved by the correct monitoring of the plant nutritional stage and diagnostic (Huett et al., 1997) , which involves traditionally the analyses of the nitrogen content in the leaves. However, the use of foliar analyses presents limitations related with the time consumed between collection of material and obtain of results. Among the more recent alternatives with potential of real-time evaluation of plant's nitrogen status, the green intensity analysis of the leaves stands out. It works based on the existence of high correlation between the green intensity and the chlorophyll with the nitrogen content of the leaves. Marquard and Tipton (1987) observed this fact in twelve plant species. Guimarães et al. (1999) also observed this correlation in tomato leaves. Because the nitrogen participates on the synthesis of the structure of the chlorophyll molecules, the supply of nitrogen to the plants increases the chlorophyll content and the green intensity of the plant leaves (Fontes and Araújo, 2007) . The Soil Plant Analysis Development (SPAD) index is highly correlated with the chlorophyll content of the leaves (Markwell et al., 1995; Guimarães et al., 1999) , which allows estimation of nitrogen status of plant. It identifies field situations, in which the additional nitrogen applications are not necessary. The SPAD indexes obtained from leaves of several plant species showed positive correlation with the nitrogen sufficiency (Blackmer and Schepers, 1995; Shapiro, 1999 , Porto et al., 2011 Zuffo et al., 2012) , being able to be considered as an adequate index to evaluate the nitrogen status of the plants. The availability and low cost of the green evaluation of plant leaves has become easier with the improvement of portable meters (Guimarães et al., 1999) , allowing its application to evaluate the nitrogen status of plants. One of the most known and used meter is the SPAD-502, which offers easy operation in the field being able to use as a tool to undertake nitrogen fertilization decisions.
The SPAD-502 quantitatively evaluates the green leaf intensity, measuring the 650nm light streaming, light absorbed by the chlorophyll molecule and the 940nm which is not absorbed. With these two values, the equipment calculates the SPAD index. Madakadze et al. (1999) , Carreres et al. (2000) and Sandoval-Villa et al. (2000) demonstrated the potentiality of the SPAD-502 to evaluate the response of several plant species to nitrogen application. The pepper (Capsicum annuum L.) belongs to the Solanaceae family originated from America. It has wild species from South of United States to the North of Chile (Filgueira, 2003) and represent one of the most consumed vegetables in Brazil. In 2006, 77,796 tons were produced in the Northeast of Brazil and 9,006 tons in the Paraiba State, with a total production of 276,767 tons of fruit (IBGE, 2016) . One of the factors that majorly influences pepper production is the soil fertility, in which nitrogen (N) content is the second most required element and considered the most important limiting factor for crop production. The excess of N causes disequilibrium between the growth of the aerial part and the root of the plant, delay in maturation and lower productivity. Its deficiency may also cause immature yellowing in the older leaves, while the new ones remain smalls with a wilting aspect (Filgueira, 2003) .
The genetic enhancement is another factor that may contribute to the increases of productivity throughout the development of varieties better adapted to adverse soil and climate conditions, diseases and pests incidence. The existence of many pepper varieties is an advantage. However, selection of a variety to cultivate might be difficult, because it requires knowledge of available options. It is important that the producer knows the behavior of pepper varieties for specific soil and climate conditions in question, aiming optimum crop productivity (Silva et al., 2008) .
According to Araújo et al. (2009a) the pepper responds positive and linearly to the increase of nitrogen application to the soil, with gains in diameter, fruit mean weight and number of fruits per plant. Theses authors relate increase of 133% in the number of fruits in plants that received nitrogen fertilization, when compared with those that did not receive any nitrogen. Others authors (Campos et al., 2008; Araújo et al. 2009a, b; Aragão et al., 2012 ) also observed the positive effects of the nitrogen fertilization on the productive characteristics of the pepper.
Research efforts to understand the critical SPAD index value in pepper leaves is practically absent in Brazil. This knowledge allows a quick and practical evaluation of the nitrogen nutritional status of the plant, under field condition. The objective of the present work was to determine the fruit production and the SPAD index of three pepper cultivars subjected to different amounts of nitrogen applied to the soil and to evaluate the use of this index on the production prognostic of the crop.
Results and Discussion

SPAD index
The SPAD index of chlorophyll of the pepper leaves did not differ significantly (p>0.05) between the cultivars at the flowering and fruit production stages (Table 1) . However, it was significantly affected by the soil nitrogen content (p<0.01) at the flowering and harvesting stage of the pepper.
The SPAD index was increased in a non-linear pattern in response to nitrogen increase at the flowering and in a quadratic way at harvest stage, with determination coefficients of 0.89 and 0.99, respectively (Fig1). The results corroborate with those found by Carvalho et al. (2013) who observed quadratic adjustment for the relation SPAD index and nitrogen application at the collect stage of pepper. According to Carvalho et al. (2013) the SPAD index for a nitrogen application of 100 mg dm -3 soil was 58.55, similar report to the 56.73 that found in the present study. Grainfenberg et al. (1985) indicated that the nutritional exigencies of pepper are small in the vegetative stage, significantly increasing when the flowering stage is achieved. The similar trend was found for the variation of the cultivars. SPAD indexes under nitrogen fertilization at the flowering and harvest stages indicate the possibility of using the SPAD index for the characterization of the nitrogen status of the pepper.
In the present study, the relation of SPAD index at the collect/harvest stage (Y) with the applied nitrogen to the soil (N) was calculated as Y = -0.00163N 2 + 0.5580N + 17. Although the nitrogen deficit in the plant is reflected immediately in a low chlorophyll concentration of the leaves, Schroder et al. (2000) indicated that the SPAD indexes are not adequate to predict excess of nitrogen in the plant because under high soil nitrogen availability, part of the nutrient is not converted to produce chlorophyll. According to Godoy et al. (2003) the SPAD index helps in the adjustment of nitrogen soil application, according to the pepper exigencies.
Fruit production
The pepper cultivars, nitrogen applied to the soil and the interaction among both factors significantly affected the production ( Table 2) .
The total production of pepper increased significantly with the nitrogen application for all the cultivars, being the production of Yolo Wonder > All Big > Vermelho SamuraySais. The total production of Yolo Wonder increased exponentially until the application of 130 mg N kg -1 soil, with a production of 483.7 g of fruit/plant. This concentration produced an increment in production of 209%, when compared with the blank (0 mg N kg -1 soil). Similar behavior was observed for the Vermelho Samuray-Sais cultivar with maximum production of 322.59 g of fruit/plant, which was obtained with a nitrogen application of 94 mg kg -1 soil, corresponding to increase of 191%, when compared with the blank/control. The total production of the All Big cultivar increased linearly with the nitrogen application obtaining a production of 395.43 g of fruit/plant with an application of 133 mg N kg -1 soil, corresponding to an increase in production of 79%, compared with the blank (Fig 2) .
Pearson correlation
The SPAD index measured in the plant leaves, at the flowering and collection stage, significantly correlated with the total production with Pearson coefficients fluctuating from moderate to perfect, between 0.6 and 1.0 (Tab 3).
Thus, it is thought that the SPAD index, determined at the flowering stage, could be used to diagnose nitrogen deficiencies in the pepper crop. This indicative value is imperative to maximize the yield of this crop, enabling the detection and correction of the soil nitrogen deficiency before the plant complete the maturation stage of the fruit. ns not significant, ** and *: significant at 1 and 5% probability, by the F test. The estimate of the total production of fruits per plant (P) as a function of the SPAD index at the flowering stage (SI) can be calculated by the equation P = A * SI -B (Tab 3). However, the SPAD index of 58.5, the maximum index evidenced by flowering (Fig. 1) , was the best correlated with the highest yields obtained by the cultivars of sweet peppers.
Materials and Methods
Plant material and location of the experiment
The experiment was carried out under greenhouse conditions at the Agricultural Engineering Department of the Federal University of Campina Grande, located in the municipality of Campina Grande, Paraiba State, Brazil, with geographic coordinates of 7º13'11'' S, 35º53'31'' W and altitude of 547.56 m. The pepper cultivars used were: All Big, Yolo Wonder and Vermelho Samurai-Sais.
Experimental design and treatments
The treatments were laid out in a completely randomized design, in a 3 × 5 factorial scheme (three pepper cultivars and five doses of nitrogen fertilization) with three repetitions, comprising 45 experimental units. The treatments of nitrogen (N) doses used were 0, 33.3, 66.67, 100, and 133.33 mg kg -1 soil. The N sources used were urea (45% of N) being applied 50% of N total mixed with the soil and 50 % as cover fertilization 30 days after sowing (DAS). Potassium (potassium chloride) and phosphorus (simple superphosphate) were totally applied in foundation in the amounts of 150 and 300 mg kg -1 of soil, respectively, performed according to the recommendation of Novais et al. (1991) . . Five seeds of each cultivar were sown directly in the pots at 2 cm soil depth. Seven days after sowing (DAS), seedlings were thinned to one plant per pot. The plants were irrigated daily with the volume of water needed to reach the soil field capacity. This volume was calculated daily by the difference of weight between the soil at field capacity and the soil weight at the time of irrigation.
Conduction of the study
Analyzed variables
At the time of flowering and harvesting of the peppers, the SPAD index was determined with the use of a chlorophyll meter SPAD-502, in the second fully expanded leaf from the apex to the plant base. The total production of fruits per plant was obtained 120 days after sowing, weighing the fruits throughout a 0.01 g precision analytic balance.
Statistical analysis
The experimental data were analyzed by ANOVA. The data were subjected to analysis of variance using F-test at 5% significance level for all analyzes. In the case of existence of significant effects, regression analyses (linear and quadratic) were proceeded. All the analyses were performed using the statistical software SISVAR (Ferreira, 2011) .
Conclusion
SPAD index and pepper production of all cultivars were increased with nitrogen application, The Yolo Wonder cultivar had the maximum production. The peppers must have a minimum SPAD index of 58.5 in the flowering stage to achieve high fruit yield. The quantification of the SPAD index at the reproductive stages can be used in the prognosis of pepper production.
